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@ Enzvma-protein conjugate, process for its preparation and pharmaceutical use thereof. 

@ A derivative of a fibrinolytic enzyme in which the 
catalytic site on the enzyme which is responsible for 
fibrinolytic activity is blocked by human protein attached 
thereto by way of a reversible linking group. 
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taCXSTEL DERIVATIVES 



This invention relates to enzyme derivatives for use in 
the treatment of thrombotic diseases* 

European Patent No. 0,009/879 discloses derivatives o£ 
in vivo fibrinolytic enzymes which are useful 
therapeutic agents for treating venous thrombosis. The 
derivatives are characterised .by the active catalytic 
site on the enzymes being blocked by a group which is 
removable by hydrolysis such that the pseudo first 
order rate constant for hydrolysis is in the range 10 
sec"^ to 10"-' sec"-^. 

It has now been found that certain human proteins may 
be chemically modified so that they can function as 
removable blocking groups in the sense used in the 
above mentioned European Patent, and that these groups, 
when linked to enzymes, can produce enzyme derivatives 
with slow physiological clearance rates. 

According to the present invention there is provided a 
derivative of a fibrinolytic enzyme in which tlie 
catalytic site on the enzyme which is responsible for 
fibrinolytic activity is blocked by a human protein 
attached thereto by way of a reversible linking group. 

As used herein the expression * 'reversible linking 
group' ' includes groups which are 
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removable by hydrolysis at a rate such that the 
pseudo first order rate constant for hydrolysis is 
in the range 10-6 sec-1 to 10-3 sec-1 in isotonic 
aqueous media at pH 7.4 at 37^0. 

The preferred rate constant is in the range 1 x 10"^ 
sec-i to 8 X 10"-^ sec^l. 

Suitably the catalytic site on the enzyme is blocked 
by group of structure (I) 

P-B-A-X- (I) 

in which 

P is a human protein modified by treatment with an 

amino acid side chain specific reagent to 

include a protein attachment group, 

X is an acyl group of formula 
0 

-A- 

in which R is an aromatic or aliphatic residue, 
A is a bridging group comprising at least one 
hetero atom selected from oxygen, sulphur and 
nitrogen, in which the nitrogen is optionally 
substituted by Ci-e alkyl, 

B is a linear hydrophilic linking group, linked to 
the protein attachment group on P, 

The term 'fibrinolytic enzyme' is used herein to mean 
any enzyme which demonstrates in vivo fibrinolytic 
activity as defined in the above mentioned European 
Patent, and includes enzymes which are obtainable from 
mammalian urine, blood or tissues, or from bacteria 
<=^xpressing qenes specifying such mammalian enzymes and 
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Published European Patent Application No. 41766. t-PA 
is a type of activator known as human extrinsic 
plasminogen activator. Intrinsic plasminogen 
activators, such as urokinase and plasrain, are also 
suitable fibrinolytic enzymes for use in the present 
invention. 

Examples of suitable human proteins are human plasma 
proteins known to have slow physiological clearance 
rates such as human serum albumin (and its oligomers), 
immunoglobulin, human fibrinogen and human 
plasminogen. Preferably the protein has a molecular 
weight in the region of 30,000 to 800,000 daltons . 
Preferred proteins are ones which are known to have 
significant affinity for components of a thrombotic 
mass, for example, human plasminogen. Optionally, the 
protein may itself be a fibrinolytic enzyme as 
hereinbefore defined such as urokinase or tissue 
plasminogen activator, or a proenzyme thereof such as 
prourokinase. When the protein is a fibrinolytic 
enzyme, the active catalytic site thereof may 
optionally be blocked as described in European Patent 
No 0009 879. An example of such a blocked fibrinolytic 
enzyme is p-aminobenzoyl urokinase. 

Examples of derivatives of the invention include 

human serum albumin ^ human tissue plasminogen 

activator 

human serum albumin — ^ urokinase 



urokinase or acylated urokinase — ^ human plasrain 
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human immunoglobulin G ^ human tissue plasminogen 

activator 

human plasminogen _^ human tissue plasminogen activator 

where ^ represents a reversible linkage to the active 
centre of the enzyme. 

Examples of suitable groups X include groups derived 
from those blocking groups described in European Patent 
NO. 0,009,879. Preferred groups are optionally 
substituted benzoyl groups as described in the above 
mentioned European Patent further substituted at the 2 
or 4 position by the group A, and optionally 
substituted acryloyl groups also described in the above 
mentioned European patent and joined to A at the 2 or 3 
position thereof. 

suitable groups A are those which provide sufficient 
stabilisation of the resulting benzoyl or 
acryloyl-enzyme to result in a pseudo first order rate 
constant for hydrolysis in the above mentioned range 
and preferably in the range 1 x 10-5 to 8 x 10-4 sec'l. 

Examples of A are: 

- O - - s - 

_ NH - - NH - NH 



- N - 
I 

R 

- NH - O 



R 



N - ITH - 
N - N - 

I 1 
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The protein attachment group is a functionality derived 
by modification of the protein with a reagent specific 
for one or more amino acid side chains, and which 
contains a group capable of reacting with a group B. 

Examples of groups B are substituted C2-C10 alkanes 
such as 6-aminohexyl , or linear polymers such as 
polyethylene glycol, polypropylene glycol, 
poly-glycine, poly-alanine or poly-sarcosine . The 
linear group B may optionally contain a cleavable 
section to facilitate analysis of the derivative or to 
react with the protein attachment group such as those 
derived from a 3-thio propionyl or 2-thio acetyl 
derivative of the -amino alkane or polymer function. 
An example of a cleavable section is a disulphide 
bond^ Preferably the disulphide bond is derived from 
reaction of P with the linear group B and thus is 
generated at the linkage of B with P, Alternatively 
the cleavable sect.ion may comprise an a, 3 dihydroxy 
function. 

Suitably B is a group; - S(CH2)2CONH - , 
-S-(CH2)2CONH(CH2)6- ox -S- (CH2) 2CONH{CH2 ) 2- 

As an example, the generation of a free thiol function 
by reaction of the protein with 2-iminothiolane or 
N-acetyl homocysteine thiolactone will permit coupling 
of the protein attachment group with a thiol-react ive B 
structure. Alternatively, the protein attachment group 
can contain a thiol-reactive entity such as the 
6-maleimidohexyl group or a 2-pyridyl-dithio group 
which can react with a free thiol in B. Preferably, 
the protein attachment group is derived from protein 
modifying agents such as 2-iminothiolane that react 
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The derivatives of the present invention may be 
prepared by reacting together a human protein 
optionally niodified to include a protein attachment 
group, a fibrinolytic enzyme and a linking agent having 
a moiety capable of reacting with the catalytic site of 
the enzyme and a moiety capable of reacting with a 
protein amino group or protein attachment group to form 
a reversible linking group as hereinbefore defined. 

In particular the derivatives may be prepared by 
treating a human protein, which has been optionally 
modified by treatment with an amino acid side chain 
specific reagent to include a protein attachment group, 
with an acylating agent of formula (II) 



W B 




(II) 



in which B, A and X are as defined with reference to 
formula ( I ) , 

M represents a group capable of reacting directly 
with the amino acid side chain of a protein or, 
when the protein includes a protein attachment 
group, W represents a group capable of reacting 
with the attachment group, Z represents a 
counter anion, preferably halide or 
p-toluenesulphonate, and each of Ri to R4 
represents hydrogen or an electron withdrawing 
moiety which increases the reactivity of an 
amidinophenyl ester; 

and reacting the acylated protein produced thereby 

-,,■;■•->, ,-, -Fibrinolytic enzvme. 
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The acylating agents of formula {II) are novel and as 
such form part of the invention. 

\Vhen W represents a group capable of reacting directly 
with the amino acid side chain of a protein, it is 
preferably an N-succinimidyl group. When W represents 
a group capable of reacting with a protein attachment 
group, it is preferably a pyridylthio group. 
Optionally W may be a photoactivated group such as 
2-nitro*4-a2:ido phenyl. 

Preferably, each of to r4 represents hydrogen or 
halogen. 

The derivatives of the present invention may also be 
prepared by treating a human protein, which has been 
modified by treatment with an amino acid side chain 
specific reagent to include a protein attachment group, 
with a fibrinolytic enzyme which itself has been 
modified by treatment with an acylating agent of 
formula (II) in which W is a group capable of reacting 
with the protein attachment group on the protein. 

Preferably, W is a pyridythio group. 

In the above processes, modification of the protein to 
introduce a protein attachment group is preferably 
carried out in aqueous buffered media at a pH between 
3*0 and 9.0 depending on the reagent used. For a 
preferred reagent, 2-irainothiolane, the pH is 
preferably 6.5-8.5. The concentration of protein is 
preferably high (> IQmg/ml) and the modifying reagent 
is used in a moderate (1.1- to 5-fold) molar excess, 
depending on the reactivity of the reagent. The 

iul;^.... 1 .L u^o:. LHo procexri Jiay be aeterminea by 

assaying the protein attachment groups introduced. 
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such assays may be standard protein chemical techniques 
such as titration with 5, 5 " -dithiobis-(2-nitrobenzoic 
acid). Preferably, 0.5-2.0 moles of protein 
attachment group will be introduced on average per mole 
of orotein. The modified protein may be separated from 
exclss modifying agents by standard techniques such as 
dialysis, ultrafiltration, gel filtration and solvent 
or salt precipitation. It is generally desirable to 
react the modified protein with the acylating agent or 
the acylated fibrinolytic enzyme as soon as possible, 
but in certain cases, the intermediate material may be 
stored in frozen solution or lyophilised. 

The modified protein prepared as described above may be 
reacted with the acylating agent of formula (II) under 
conditions similar to those used for the initial 
introduction of the protein attachment group but with 
the following qualifications: 

(a) TO avoid hydrolysis of the amidinophenyl ester, 
the preferred pH range is 7.0 to 8.0 and 
non-nucleophilic buffers should be used. 

(b) The preferred temperature range is 0OC-30OC and 
the duration of reaction up to 6 hours. 

(c) The molar ratio of acylating agent to protein 
attachment group is preferably in the range 1 to 
10. 



(d) The reaction may. optionally, be monitored by 

observing the release of a derivative of group W 



0155388 

- 9 - 

(e) Because of the reactivity of the product (a 
proteinaceous acylating agent), it is desirable to 
separate the product from the excess acylating 
agent of formula (II) as quickly as possible. For 
this purpose, high performance size exclusion 

- chromatography or diaf iltration may be used. 

(f) The product should preferably be reacted with the 
fibrinolytic enzyme immediately but may be stored 
in frozen solution (not lyophilised) below -40OC 
for short periods. 

The treatment of an unmodified protein with an 
acylating agent of formula (II) is generally performed 
under conditions similar to those used for the 
introduction of a protein attachment group- However, 
the reactivity of this type of reagent requires that 
precautions similar to those noted in paragraphs (a) to 
(f) above should be exercised. 

\ihere the modified protein itself comprises a 
fibrinolytic enzyme whose active catalytic site is 
blocked, the blocking may be carried out as described 
in European Patent No 000 9879 either before or after 
modification as described above, or after reaction with 
the fibrinolytic enzyme. 

In the process aspect of the invention which utilises a 
reaction between modified protein and acylated 
fibrinolytic enzyme, the enzyme may first be reacted 
with an acylating agent of formula (II) under the 
conditions described for the introduction of blocking 
groups in European Published Patent Application No. 
0,009,879. Having been freed of excess reagent by the 
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paragraphs (a) to (d) above. However, it is preferable 
to conduct the coupling below lOOC (preferably OO-40C) 
in order to minimise the hydrolysis of the acylated 
enzyir.e. In addition, the modified protein may be used 
in a . large molar excess (up to 104-fold) over the 
acylated enzyme. The latter conditions also apply to 
the coupling between an a proteinaceous acylating agent 
and fibrinolytic enzyme. 

The derivatives of this invention may be purified from 
excess modified protein/protein acylating agent and 
uncoupled enzyme by a variety of separation 
techniques. Because the molecular weight of the 
derivative will usually be significantly greater than 
that of its components, rapid size fractionation 
methods such as protein high performance gel 
chromatography are particularly advantageous. in 
addition, affinity chromatography utilising an 
insoluble matrix with affinity for the fibrinolytic 
enzyme component, may be used, in conjugation witli gel 
filtration methods. 

The acylating agents of formula (II) may be prepared by 
a variety of standard procedures. A preferred general 
synthetic route is given below. 

(a) Reaction of an acylating agent containing a masked 
reactive functionality (for example, 
N-succinimidyl-3-(2-pyridyldithio)propionate-SPDP) 

with a 2- or 4- substituted benzoic acid 
derivative containing a nucleophilic function on 
the substituents (for example: 4-hydrazinobenzoic 
acid, N-2 (6-aminohexyl) aminobenzoic acid or N-4 

. \ -.pi ,,ov..^n7:o-i nctdK Preferred 



1-24 hours . 



- 11 - 



0155388 



b) The intermediate acid from (a) is esterified with 
a salt of 4-amidinophenol (or a ring-substituted 
derivative thereof) using dicyclohexylcarbodiimide 
in a weakly basic solvent as described for simple 
blocXing agents in European Published Patent No. 
0,009,S79, It is preferable to use a slight molar 
excess of the amidinophenol (1.5 to 4-fold) to 
ensure efficient esterif ication. Optionally, the 
esterif ication may be performed in the presence of 
anhydrous p-toluenesulphonic acid as sui acidic 
catalyst. 

The derivatives of this invention are preferably 
administered as pharmaceutical compositions. 

Accordingly, the present invention also provides a 
pharmaceutical composition comprising the derivative of 
the invention in combination with a phairmaceutically 
acceptable carrier. 

The compositions according to the invention may be 
formulated in accordance with routine procedures as 
pharmaceutical compositions adapted for intravenous 
administration to human beings. 

Typically compositions for intravenous administration 
are solutions of the sterile derivative in sterile 
isotonic aqueous buffer. Where necessary the 
composition may also include a solubilising agent to 
keep the derivative in solution and a local anaesthetic 
such as lignocaine to ease pain at the site of 
injection. Generally, the derivative will be supplied 
in unit dosage form for example as a dry powder or 
water-free concentrate in a hermetically sealed 



0155388 



- 12 - 

as an indication of the time within which the free, 
un^-nodified protein will be liberated. Where the 
derivative is to be administered by infusion, the 
derivative will be dispensed with an infusion bottle 
containing sterile pharmaceutical 'water for 
injection- . Where the derivative is to be administerea 
by injection the derivative is dispensed wxth an 
ampoule of sterile water for injection. The 
injectable or infusable composition will be made up by 
mixing the ingredients prior to administration. 

The quantity of material administered will depend up.n 
the amount of fibrinolysis required and the speed wxth 
which it is required, the seriousness of the 
thromboembolic condition and position and size of the 
clot The orecise dose to be employed and mode of 
administration must £er force in view of the nature of 
the complaint be decided according to the circumstances 
by the physician supervising treatment. However, xn 
general, a patient being treated for a mature thrombus 
will generally receive a daily dose of from 0.10 to 2.0 
mg/kg-1 of body weight either by injection xn up to 
five doses or by infusion. For the treatment of 
coronary thrombosis a similar dose may be given as a 
single intravenous bolus. 

NO toxic effects have been observed with the compounds 
of the invention within the above described dosage 
range. 

Accordingly, in a further aspect of the invention there 
is provided a method of treating thrombotic disorders, 
which comprises administering to the sufferer an 
rr....^..,. .^n-^ori^ ^.movint of a derivative of the 
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The following Methods and Examples illustrate the 
invention. 

Methods 

(a) Chromogenic subsrrate assay 

Urokinase and t-PA were assayed against the chromogenic 
substrates (KabiVitrum, Sweden) S-2444 and S-2288, 
respectively at a substrate concentration of 1 raM in 
0.1 M triethanolamine.HCl pH 8.0 at 25^C. An SU is 
ueflxied as the amount of activity that gives an G,D. 
increase of O.OOl/min in 1ml substrate in a 1 cm 
pathlength cell. 

(^) Rate constant determinations 

The pseudo first order rate constant is determined by 
hydrolysing the acyl-enzyme under physiological 
conditions, i.e. in isotonic aqueous media at pH 7.4 
and at 37^C, At regular intervals aliquots are 
withdrawn and incubated with a chromogenic substrate 
and the rate of conversion of the substrate measured as 
indicated above. 

The hydrolysis is followed until such time as the rate 
of conversion of substrate reaches a maximum. The rate 
constant k is then calculated by plotting: 

loge (1-At/A niax) against t 

where A^^^ maximum rate at which an aliquot 

converts substrate and A^ is the rate at v^ich an 
aliquot converts substrate at time t. 



015538§ 

- 14 - 

(c) Assay of fibrinolytic activity in the bloodstre am 
of rats 

Male Sprague-Dawley rats (300-400g) were anaesthetized 
with pentobarbitone sodium (60mg/kg i.p.). One carotid 
artery was cannulated for collection of blood samples, 
one femoral vein was cannulated for injection of 
heparin (50 U/kg) and compound under test. 
Approximately 5 min after heparinization. a pre-dose 
blood sample (0.8ml) was taken and mixed with 0.1 
volumes 129 mM trisodiura citrate. The compound under 
test was then injected (1 ml/kg) over iOs. FurUxer 
blood samoles were taken exactly 1, 2. 4, 8, 16, 30 and 
60 min larer. Heparin treatment (50 o/kg) was repeated 
after the 30 min sample to maintain cannula patency. 
All citrated blood samples were kept on ice until the 
end of each experiment, then centrifuged at 1700g for 
15 min at 4° to obtain plasma. The euglobulin fraction 
was precipitated by adding 0.1 ml each plasma to 1.82 
ml ice-cold 0.011% (v/v) acetic acid in water. After 
30 min standing in ice, all tubes were centrifuged at 
1700 g for 15 min at 40. The supernatants were poured 
away, the inner walls of each tube carefully wiped dry 
and each precipitate redissolved in 0.4 ml 0.1 M 
triethanolamine HCl buffer, pH 8.0, containing 0.05% 
(w/v) sodium azide. Aliquots (20 jil) were then applied 
to fibrin plates in quadruplicate. Fibrin plates were 
prepared from 0.4% (w/v) human fibrinogen (Nabi, Grade 
1, Flow Laboratories, Scotland) dissolved in 0.029 M 
blrbitone in 125 mM NaCl, pH 7.4, pipetted (9ml) into 
10 X 10 cn square plastic dishes (Sterilin) and clotted 
by rapid mixing with 0.3 ml bovine thrombin (50 NIH 
units/ml. Parke-Davis, UK). Plates were incubated at 
77° for 18-24h usually, but longer if required, and 
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each sample were averaged, and this mean converted to 
fibrinolytic activity by reference to a calibration 
curve. The latter was obtained by adding known amounts 
of the compound under test to a stock of plasma pooled 
from at least ten rats. These standards were processed 
using the sarae methods aiia at the same time as the 
experimental s€imples. To construct the calibration 
curve, dicimeters (mm) were plotted against logio 
concentration of compound. The plasma concentration of 
compound in each experimental sample was expressed as a 
percentage of that expected on the basis of the dose 
gj^,.«-^ v>»e assumption of 35 ml plasma /kg body weight 

for each rat. 

(d) Assay of [^^^l]-labelled conjugates in t.he 
bloodstream of rats 

Aliquots (lOOul) of citrated blood were mixed with 20ul 
1% Kal and 400 wl 20% trichloroacetic acid (TCA) to 
precipitate protein-bound '^^^1. After 30 min on ice, 
the blood was centrifuged and both supernatant and 
precipitate counted for 125i«content . The percentage 
total counts in the precipitate was calculated to give 
TCA-precipitable counts. For each conjugate, the 
radiometric clearance pattern was obtained by plotting 
TCA-precipitable counts (as % of theoretical) in the 
blood against time. 
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(e) Assay of fibrinolytic activit y in the bloodstream of 
guinea pigs 

Male Dunkin Hartley guinea pigs (350-450 g) were anaesthetized 
with urethane (25% w/v solution; 6 ml/kg i.p-)- One 
carotid artery was cannulated for collection of blood 
samples. One femoral vein was cannulated for injection of 
heparin (50 U/kg i.v.) and compound under test. Approximately 
5 min after hepar inization , a pre-dose blood sample (2 ml) 
was taken and mixed with 0.1 volumes 129 mM rrisodiura 
citrate. The compound under test was then injected (1 ml/ 
kg) over 10s. Further blood samples were taken exactly 
2, 4, 8, 16, 30, 60 and 90 min later. Heparin treatment _ 
(50 U/kg i.v.) was repeated after the 30 min sample to 
maintain cannula patency. All citrated blood samples were 
kept on ice until the end of each experiment, then 
centrifuced at 1700 g for 15 min at 4° to obtain plasma. 
Each plasma sample was diluted 200-fold in phosphate 
buffered saline, pH 7.4, containing 0.01% (v/v) Tween 80. 
Aliquots (30 yl) were then applied to fibrin plates in 
quadruplicate. Fibrin plates were prepared from 0.4% (w/v) 
human fibrinogen (Kabi, Grade L, Flow Laboratories, Scotland) 
dissolved in 0.029 M barbitone in 125 irW NaCl, pH 7.4, 
pipetted (10 ml) into 10 x 10 cm square plastic dishes 
(Sterilin) and clotted by rapid mixing with 0.3 ml bovine 
thronbin (50NIH units/ml, Parke-Davis, U.K.). Plates 
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were measured using Vernier calipers. All diameters for 
each sample were averaged, and this mean converted to 
fibrinolytic activity by reference to a calibration curve. 
The latter was obtained by adding known amounts of the 
compound under test to the pre-dose plasma of eath animal. 
These standards were processed using the same methods and 
at the same time as the experimental samples. To construct 
the calibration curve, diameters (mm) were plotted against 
log^Q concentration of compound. The plasma concentration 
of coir.pound in each experimental sample was expressed as a 
percentage of that expected on the basis of the dose given 
and the assumption of 50 ml plasma/kg body weight for each 
guinea pig. 
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EXAMPLE_1 0155388 
4 _ I K-2-(3-I2-pvr5dv3] thjopropi ony l ) l)ycji-a ? ino] 



lic-rizoic acid 



SI'DP (100 mg, 0.32 imnol) v;es dissolved in dry pyi'idine 
(1.0 ml) and 4-hydrazino benzoic acid (55 mg 0-32 nunol) 
added. The mixture was warmed to 56°C for 4h and left at 
ambient temperature overnight. The product was evaporated 
to to dryness and the resulting yellow oil recrystallised 
from water (6.0 ml) and EtOH (0.5 ml). A gummy solid was 
deposited on cooling and this was dissolved in ethanol 
(1.0 ml), evaporated and dried in vacuo to give a glassy 



Yield: 72.6 mg (65%) 

NHR (MeOH-D^). 6: 8.05, irr d, 1H, Pyridine H6. 7.50, 
overlapping dd, 4H, Pyridine H3 + 4 , + benzoyl A^B^ qt. 
6.9, Quint, TH, Pyridine H5. 6.45" d, 2H, benzoyl A2B2. 
2.6 K. 4H. -CH2CH2- 

Anal: C^3H2oN202 (236.37) requires: C: 66.07, H: 8.53, 
N: 11.85. Found: C: 66.04, H: 8.16, N: 10.62. 

(b) 4-r»-2-(3-r2-pyridvn dithiopropiony l) hvdrazino] 
4 ' -ainidinophenyl ester. HCl 

The above acid (0.21 mmol) vas dissolved in warm (30°C) 
dry pyridine (1.0 ml) containing 4-amidinophenol -HCl 
{144 mg, 0.83 mmol) and N,N dicyclohexyl carbodiimide 
(48 mg, 0-21 mmol). The mixture was left at ambient 
temperature for 4 8h and then filtered, washing with dry 
pyridine. The filtrates were evaporated to dryness and 
the solid triturated with (10 ml) and saturated brine 

(1.0 ml). The solid was recrystallised from EtOH: Et20 



1 r oiTi 



(0.5 ml) to the filtrate. The yellow solid was dried in 

'/p5C'jo over P^O^. 



- 19 - 



0155338 



Yield: 52.4 mg (52%). M.P. 140-142oc. 

NMR (DMSO " d6). 6: 10.15, 5, IH, Amido 9.35/9.55 
d, 4H. Amidine H, 8.5 irr ra. Pyridine H. 7.9/7.5, 
7.3/6.8.arr . Aromatic H,. 3.15 d, 2H. CH2, 2-75 d, 
2H, CH2- 

Reduction of the material with ImM ditliiothreitol at pH 
7.4 and monitoring of pyridine 2-thione release at 343 
nM indicated a purity of about 70%. 

Example 2 

(a) N-6-(aminohexyl) anthranilic acid 

2-clilorobenzoic acid (31.4 g, 0.2 raol), 1.6 
diaminohexane (55.7 g, 0.5 mol) anhydrous potassium 
carbonate (25.6 g), n-pentanol (68 ml) and copper 
powder (0.3 g) were refluxed for 5h. n-pentanol and 
1,6 diaminohexane were distilled off and the residue 
poured into cold water (1.5 1). The mixture was 
acidified to pH 7.0 with concentrated HCl and cooled to 
4^. The resulting gum was taXen up in hot H2O: EtOH 
cone. HCl 8:8:1 v/v (850 ml), cooled, filtered and 
brought to pH 7.0 with 5 N NaOH. The precipitate was 
dissolved in H2O: cone. HCl 1:1 v/v (80 ml), diluted to 
300 ml with H2O and with 5N NaOH. A yellow solid was 
precipitated at 40C, filtered and dried in vacuo (5 
ml) . 

Yield: 24.4 g (52%). M.P. 1920c (dec). 

NMR (DCI/D2O). 6: 8.20, M, IH, Anthraniloyl H6. 
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(b) N- ( 6-[3- ( 2-Pvridy 1 ) dithiopropionyl]anii nohexy 1 ) 
anthranilic acid 4 ' -amidinopheny l ester. HCl 

SPDP (200 mg, 0.64 mmol) was dissolved in dry pyridine 
(1.0 ml) and added to the above altiinohexyl anthranilic 
acid (151 mg, 0.64 itmol) which rapidly dissolved. The 
solution was allowed to stand at ambient temperature 
for 4h and then evaporated under reduced pressure. The 
resulting oil was dissolved in hot 1 M HCl (5 ml) and 
the solution neutralised with 5 M NaOH (0.5ml). then 
allowed to cool overnight at 40C. A pale yellow 
was precipitated and isolated by decantation of the 
supernatant and drying of the residue over P2O5 in 
vacuo . The product was dissolved in dry pyridine (1.0 
ml) and p-amidinophenol. HCl (221 mg, 1.28 mmol) and 
anhydrous p-toluenesulphonic acid (lOOmg) added, 
followed by N,N dicylohexylcarbodiiraide (158 mg. 0.77 
mmol). The mixture was stirred overnight at ambient 
temperature and filtered, washing with dry pyridine 
(3.0 ml). Combined filtrates were evaporated under 
reduced pressure to an oil which was recrystallised 
twice from 20% v/v ethanol /water . 

Yield: 154 mg (30%). M.P. approx. 70OC (glass 
transition) 

NMR (DMSG - dg, 270 MHz). 6: 9.165/9.436, d, 4H, 
Exch.D20 amidine H. 8.056/8.021, dd, IH, Pyridine He- 
7.95/7.92 and 7.52/7.51, Qt. 4H. Amidinophenol H. 
7.6-7.85, M, 2H, Pyridine H4 + H5. 7.48-7.55. M, 2H, 
pyridine H3 + amide NH. 7.21-7.25. M, IH, anthraniloyl 
H4. 7.11-7.14, IH, anthraniloyl H2 . 6.32-6.86, d, IH, 
; 1 ^..1 ^fT^ . f;.R7_(s.70, d, IH, anthraniloyl H3. 



1.32-1.61, 2 mul t-iplets . SH , m.CH2;4 
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The NMR spectrum also indicated the presence of 
approxiinately 0.5 mol of solvent ethanol and 0.7 mol of 
p-tolyenesulphonate ion per mol of product. 

Reduction of the material with dithiothreitol at pH 7.4 
and monitoring of the pyridine 2-thione release at 343 
nm indicated a purity of about 64%. 



EXAMPLE 3 
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Preparation of substituted am idinophenyl esters of 
K-4 -^N-2-r3- (2-pvridvldithio)prOPionyl]ain inoethYl}ainino 

benzoic acid 

(a) t-butyl 4-aminobenzoate 

4-Ainlnobenzoic acid (5.0 g) was suspended in thionyl 
chloride (50 ml) and heated to a gentle reflux. After 
two hours the solution went completely clear, and so the 
reaction was allowed to cool and the thionyl chloride was 
removed under reduced pressure, the last traces by azeotrope 
with dichlorome thane (3 x 50 ml). The resulting acid 
chloride was dissolved in more dichloromethane (50 ml) and 
a solution of t-butanol (15 ml) in dichloromethane (15 ml) 
was added to the stirred solution which was cooled in an 
ice bath. A solid white precipitate was formed - the 
hydrochloride salt of the title compound. This was 
isolated by evaporation of the dichloromethane, followed 
by suspension of the solid in ethyl acetate (100 ml) and 
filtration. The material was suspended in 10% aqueous 
sodium hydrogencarbonate solution (100 ml) and extracted 
into dichloromethane (3 x 100 ml). The organic layer was 
dried, filtered and evaporated to leave a pale cream solid 
c-7 r. . f^f,%) , m.v. 106-109°C (lit. m.p. 109. 5°C) 
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"'h nmr {CDCl^. DMSO) 6: 7.70 ( 2H , d, J = 9Hz, aryl-K) , 
6.55 (2H, d, J = 9Hz, aryl-H) , 4.25 {2H, brs , -NH2) / and 
1 .55 OH; S, CH^) . 

Infra Red (Nujol mull) 3420, 3350, 3240, 1690, 1540, 1605, 
1515, 1295, 1160, 1120, 850, 770, 700, and 615 cm~\ 

(b) t-butyl N-4- (N-2-phthalimidoethyl) aininQbenzoa te 

t-Butyl 4-aininobGn20ate (1.93 g, 10 nrniole) and N-{2-bromo- 
ethyl)phthalimide (2.54 g, 10 mmole) were heated together 
under nitrogen at lOO^C for 3i;h. On cooling, the material 
was dissolved in dichloromethane (125 ml), filtered and 
evaporated to leave a yellow oil (3.35 g) . This was 
chromatographed (30 g silica/dichlorome thane) and the title 
compound (163 mg, 5%) isolated as a white solid - 
Recrystallisation from chloroform/ petroleum ether (4 0-6 0^C) 
gave a solid m.p. 139-141^C, 

Found: C 69.70/ H 6.14, N 7.71% <^2^2^2*^4 ^^^^^^^^ 
C 68.84, H 6.05 and N 7.65% 

nmr (CDCl^) 6: 7.6 (5H, m, aryl-H), 6.45 (2H, d, J = 
9Hz, aryl-H), 4.5 (1H, br S, N-H) , 3.9 (2H, t, J = GHz, 
N=C=0) , 3.4 (2H, m, CH2NH) and 1.5 (9H, S, CCH^) . 
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(c) t-butyl N-4- (2-aminoethvl) aminobenzoate 



The phthalimide produced above (24 0 mg) was dissolved in 
ethanol (10 ml) and hydrazine hydrate (4 0 uD was added. 
The solation was heated to reflux overnight under nitrocen 
during which time a white precipitate was formed, 
concentrated hydrocholoric acid (150 yl) was added, and the 
solution cooled and filtered. The ethanol was removed by 
evaporation to leave an aqueous solution that was 
refiltered. The solution was basified with 15% sodium 
hydroxide solution and extracted with ethyl acetate 
(2 X 25 ml). The organic solution was dried (sodium 
sulphate) , filtered and evaporated to leave a white 
crystalline compound (131 mg, 85%) - the desired 
diaminoester , m.p. 117-119°C. 

nmr (CDCI3) 6: 7.75 (2H, d, J = 9Hz, aryl-H) , 
6.5 (2H, d, J = 9Hz, aryl-H), 4.55 (IK, brs , aryl-NH) , 
3,25 (4K, brs, CH^), 1.55 (9H, S, CCH3) , and 1.4 {2H, brs, 
NH2) 

Infra Red (:;u30l) 3370, 1680, 1610, 1540, 1300, 1 1 60, 
930, 835, and 775 cm ^ 



Found C 65.94, H 8.55 and N 11.51%. C^^E^^N^O^ requires 
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(d) t-butyl N-4-{N-2-r3- (2-pyridyldithio)propionyl ] 
aminoethyl} aminobenzoate 

t-Butyl N-4-(2-ajninoethyl) -aminobenzoate (74 mg) and 
2^-Euccini!nidyl-3- ( 2-pyridyldithio) propionate ( 1 00 mg) 
were dissolved- in dry pyridine (0=5 ml) and stirred 
overnight. The solvent was removed at reduced pressure 
and the residual gel was taken up in ethyl acetate (10 ml) 
and washed with a 10% aqueous sodium hydrogen carbonate 
solution (10 ml). The organic layer was dried (sodium 
sulphate), filtered and evaporated to yield an oil (131 mg, 
96%) , the title compound. 

''h nmr 4CDCI3) 6: 8.25 (1H, m, aryl-H) , 7.4 {SB, m, aryl- 
H+NIiee), 6-5 (2H, d, J = 9Hz, aryl-H) , 4.65 (1H, brs , 
N-H) , 3.4 (4H, m, CH^^'H) , 3.05 {2H, t, J = 6Hz, CH2CO) , 
2.60 (2H, t, J = 6H2, CH^-S-S) , and 1.55 (9H, S, CCH^) . 

Infra Red (Neat) 3350, 3070, 1660, 1610, 1530, 1420, 1 300, 
1160, 1120, 910, 840, 770, 735 cm"\ 

(e) N-4-'{N'-2- [3 - ( 2"pyr idyldithio) propionyl] aminoethyl } 
aminobenzoic acid, bistrif luoroacetate salt 

The t-butyl ester (66 mg) was dissolved in trif luoroacetic 

acid (7 TP.l) and allowed to stand at room temperature for 

oil in quantitative yield. 
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nrnr (d^ acetone/CDCl3) 6: 8.6 (IH, m, aryl-H) , 

7.75 (5H, m, aryl-H), 6.65 (2H, d, J = 9Hz, aryl-H), 

3.5 (4H, brs, NHCH2) , 3.05 {2H, t, J = 6Hz, COCH2) , and 

2.65 (2H, t, J = 6Hz, S) . 

(f ) 4-aini-dinoPhenyl N-4-{N-2- [3- (2-pyridvldithlo ) 
propiony 1] aminoethy 1} aminobenzoate 

The acid bistrif luoroacetate (180 rag) was dissolved in 
pyridine (1 ml). 4-Araidinophenol (54 rag, 1 eq) was added 
followed by dichyclohexyl carbodiimide (64 rag, 1 eq) . The 
solution went deep orange but this soon dissipated and 
dicyclohexyl urea was rapidly forraed. After 5h the 
solution was filtered through a plug of glass wool and 
pyridine was removed by evaporation to leave a brown oil 
(365 mg) . Assuming complete esterif ication, this material 
was - 4 5% by weight the desired material and was contaminated 
by pyridinium trif luoroacetate . 

Infra Red (Neat) 2400-3300, 1680, 1610, 1490, 1170, 840, 
■1 



750 and 710 cr- 



(g) 2-Chloro-4-amidinOPhenvl N-4-{N- 2- [3- (2-pyridvlQithio) 
propionyl] aminoethvpaminobenzoate 



(1 ml). Dicyclop.exylcarrodiiraiu.^ 

The material was stirred for 20h, in which time a solid 
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was precipitated. The material was filtered through a 
plug of glass wool, and the solvent removed by evaporation 
to leave a pale cream gum (288 mg) . Assuming complete 
esterif ication, the product was about 4 5% pure by weight. 
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EXAMPLE 4 

Active ccntre-linkc-d conjuoble of Imman lir^sue p3 arir.ir.oocn 
a ct i valor vilh human s^oruir, albumin (L INKER EXAMPLE 1) 

(a) K- E- ( 4 -thiohut,vrimino^-' LYSINE) htiF . an serun albuir.m .. 

HuTTian serum albumin (Kabi, 200 mg/m' ) was mixed with solid 
iir.inothiolane (Sigma, 10.3 mg) and incubated at pH 7.4, 
37°C for Ih. The mixture was gel filtered into 3.5 ml 20% 
Glycerol, 0.1 M Tris.HCl, 0.9% w/v NaCl buffer (TGS) 
pH 7.4 using a small Sephadex G-25 M column at 4 C. Active 
site titration using Ellmanns Peagent (1.0 mM, 20% TGS, 
pH 7.4) gave a thiol content of 2.33 mM (2 determinations), 
corresponding to an average of 1.09 thiols/mol HSA. The 
solution was stored at -4 0*^C. 

{bj K-e-({2-I3-(4-butyriminodithio) propio nyll hydrazino} 
benzoic acid 4'-amidinophenyl ester -HCP -ILYSINE] human 
serum albumin 

Thiolated" albumin (VI, 1.5 ml) was mixed with the acylating 
Bgent of Example I (b) (10 mM in DMSO, 0.5 ml, 1.43 molar 
excess) and incubated at 0°C for 60 min during which 
approximately 1.1 molar equivalents of pyridine 2-thione 
were released. Part of this material was subjected to 
two successive gel filtrations (Sephadex G-25 K) at 4°C 
into 1% w/v D-mannitol, 20 mM ammonium bicarbonate, 1-0 mM 
6-aminohexanoic acid (MAE) buffer, pH 7.4. Final vol : ^ 
3.5 ml, 1.05 mM ester. ' The solution was stored at -4 0 C. 

(c) coupling to human tissue plasminogen activator ( t-PA) 



rified t-PA was mixed with 0.1 M Trien.HCl pH 7-0 (0-5 ml) 

-•i-. .-r nr^n cn/rril pnr^ the abOVG 
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albumin ester (0.5 ml) added. On incubatiorr-at ' 0*^C , 
amidolytic activity against S-2288 progressively decreased 
as illustrated in Figure 1. The acylation process appeared to have two 
phases: one relatively rapid (t^'-'13 min) and the olbcr 
slower {tj^^ 98 min). Additional inactivation occured on 
freezing to "4 0^C and thav;ing. The product was jT.i>:ed v:ith 
a batch prepared under the same conditions but using 

(d) Purification of the conjugate 

A column (2 X 55 cm) of Sephacryl S-300 was calibrated by 

12 3 

chromatography of a mixture of unmodified albumin and I- 
MPA (vial 5) in MAE buffer at 4*^C and a flow rate of 22 ml/ 
h. Albumin and ''^^I eluted together at 62-88 ml. Crude 
conjugate chromatographed under the same conditions gave 
two peaks with apparent molecular weights greater than 
albumin and containing radioactivity. The fractions 
eluting at 42-64 ml were pooled and f reeze-dr ied , yielding 
a white powder (244 mg) . This process was repeated for 
several other batches. 

(e) Deacylation of the conjugate • 

Freeze-dried batches of the conjugate were deacylated for 

pH 7.4, 31^C in the above TGS buffer containing 0.01% w/v 

Tween 80 detergent* The average first order deacylation 

rate constant for four batches was about 4 x 10 sec 

On prolonqed storage, a slower component of deacylation 

-5-1 

characterised by a rate constant of about 5x10 sec 
became evident and this correlated with an increase in the 
average molecular weight of the preparation {see below) . 



"T he i. 1 z*:/ ^ (■ ■■ c; u u 1 e I.: ; u i... : ^ ^-^ ■ < : . a .i . m . 

techniques. First, polyacrylamide gel electrophoresis an 

the presence of sodium dodecyl sulphate {Laemmli, U.K. 



cc-.-iponents of the cor.DU'.:aie v;hjch were r.etcctc-d either by 
autoradiography o£ the or by fibrin overlay 

zymography (Granelli-Piperno , A. £, Peich, E. (1978), J- 
Exp. Ked., T4_8, 223) which detects fibrinolytic enzymes. 
Secondly/ size exclusion high performance liquid 
chromatography with calibrated modified silica columns vas 
used to separate the conjugate mixture before and after 
deacylation. All these methods gave similar results which 
may be summarised as follows: 

(1) t-PA-associated radioactivity and enzymatic activity 
is associated with several species with a molecular 
weight in the range 130 to 900 kilodaltons. The 
individual components correspond to conjugates of 
t-PA with one,. two, three etc (up to at least 10) 
albumin units • 

(2) All the discrete conjugate proteins appeared to 
possess fibrinolytic activity after deacylation. 
Treatment of the conjugate with TGS buffer or 0.5 M 
hydrazine pH 8-0 at 37°C for several hours resulted 
in the liberation of an active component (separable 

' by HPLC or SDS-PAGE) .with equimolar weight correspondi 
to unmodified t-PA (65-70 kilodaltons). 

(gj Clearance of the conjugate from the bloods tream of 
rats 

(See also: Methods) 

The rate of removal of unmodified t-PA and of albumin-t-PA 
conjugate from the circulation of rats was measured by 
both radiometric and fibrinolytic methods. The results 
are shown in Fig. 2. The activity of unmodified t-PA was 

.r I \ r 1 ^ nrin^ . "Radiometric 



■"^Sj.isbel into the bloodstream. Both the enzyme act.iv't.y 
and the radioactivity of the albumin conjugate were 



^1 f ^ 11 
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enzyme, with part of the dose being cleared with an 
apparent half-life of about 36 inin. Integration of the 
concentration/time plots for the two agents suggests 
that the conjugate had at least a 10-fold greater 
bioavailability than the unmodified t-PA. Since the 
conjugate gives rise to um..odified t-PA by hydrolysis, 
it can therefore function as a slow-release form of the 
fibrinolytic agent in vivo - 
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Ac 



tive centre-linked coivluaate of human tissue-plasminogen 



ac 



^^u^fnr with human serum albumin f linker example 2) 



Human serum albumin (Kabi, 200 mg/ml, 10 ml) was mixed with 
2-ir.inothiolane (4.1 mg;1 mole equivalent) and incubated at 
25°C for 75 min. Titration with Ellmann's reagent showed 
a ccncentr<.Lion of 2.82 mM thiol after this time. An 
aliquot of this solution (0.5 ml) was mixed with the 
acylating agent of Example 2(b) (70 pi of 20 mM in DMSO, 
1 mclar equivalent) and held on ice for 1h. t-PA (50,000 
SU) and tracer '^^^l-t-VA (960,000 c.p.m.) were added. The 
mixture slowly decreased in activity over 72h at 0°C 
although the decrease could be accelerated by incubation 
at 25°C for short periods of time. The final amidolytic 
activity was 37% of the initial level. The product was 
applied to a column (300 x 22.5 mM) of TSK-G-3000 SW modified 
silica gel and subjected to high performance gel permeation 
"chromatography- The buffer used was 0.08 M sodium phosphate, 
0.32 M sodium chloride, 20% v/v ethanol pH 7 . 0 (Buffer H, 
Hef-.i, F. (1982) Anal. Biochem. , 1^1, 378-381) at a flow 
^ate of 1.0 ml/min at 22°C- Four peaks of protein-bound 
radioactivity were observed, the first near the void volume 
of the column (40 ml) was of very high molecular weight 

, . ro v;-^- of material with 



and corresponded to MW 
t-?A eluted at about 74 ml. A poo 



1 of eluate from 52-66 ml 
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was collected, gel filtered into MAE buffer (diluted 1:5 
v/v in water and containing 1 mg/ml human serum albumin) 
and freeze-dried. This yielded 81 mg of a white solid. 
Radiochemical yield: 16.5%. Deacylation of this material 
in TGS buffer containing 0.01% w/v Tween 80, at 37°C 
showed that it contained initially about 14% uncoupled 
t-PA and that this rate constant for deacylation was about 
6.4 X 10 ^ sec ^ . 

This material was injected into rats at a dose of 2000 SU/ 
kg and the fibrinolytic activity in the bloodstream 
determined as described in method (c) . Fig. 3 shows 
the clearance of the conjugate (2000 SU/kg) from the 
bloodstream of rats (n = 5) . A slow phase of 
clearance with a half-life of about 36 min could bs 
identified. Comparison with Fig. 2 shows that this 
clearance is appreciably slower than that of unmodified 
t-PA. 
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Active-centre linked conjugate of hUiT.an tissue plasminogen 
act ivator v;ith human inununoglobulin G (linker example 1 ) 

(a) N-£-4"thiQbutyrimino [lysinejhuman immunoglobulin G 

Human immunoglobulin G (Sigma, 100 mg) was dissolved in 
degassed 50 mM sodium phosphate CI M sodium chloride pH 
7.4 buffer (PBS buffer, 1.0 ml) and 2-iminothiolane (50 yl 
of a fresh 50 mM solution in PBS) added. The mixture was 
incubated at 37^C for 1h and then gel filtered on a small 
Sephadex G-25 column into 3.4 ml of PBS at 4^C. The 
product was used immediately. 

(b) N--£- ({2-[3- (4-butyriminodithio) propionyl]hvdrazino } 

benzoic acid 4 ' -amidinophenyl ester .HCl) - [lysine ] - 
human immunoglobulin G 

The above thiclated IgG was mixed with the acylating agent of 
Example 1(b) (85 pi of 20 mM in DMSO) and incubated at 
ambient temperature (22-24°C) for 10 min. Cold (-20^0 
ethanol (10 ml) was added with mixing over 30 sec. The 
mixture was centrifuged at 18,000 g for 30 min at 4^C and 
the pellet redissolved in PBS buffer (3.4ml). Saturated 
aTTimonlum sulphate solution (10 ml) was added with mixing 

of the same buiier at a'^C. The product was used immediately 
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(c) coupling to human tissue plas minogen activator (t-PA) 

Purified t-PA (approx. 26 nmoles) was mixed with the 
product of step (b) to give a solution containing 51,000 
SU/ml. The mixture was held on ice for 24h after ^vhich 

the residual activity was ii,60u SU/Tnl i^^.,^). . 

was centrifuged to remove small amounts of insoluble 
material and an aliquot (50 yl) diluted into TGS buffer 
containing 0=01% w/v Tween 80. The deacylation of this 
sample was measured at 37°C and gave a first order constant 
of about 5.7 X 10"^ sec""" . The remaining product was 

stored in solution at -70°C and showed a high molecular 
weight {c-200 Kilodaltons) fibrinolytic component 

(susceptible to hydrolysis) when analysed by fibrin overlay 

zymography. 
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Ac tlve-centre-linked conjugate of human t issue-plasminoqen 
activator with human serum albumin (linker example 3 ) 

( a ) 4-{N-2- (3- [2-pyridyldithio]propionyl) aminoethylamino ) - 
benzoyl human tissue-plasminogen activator 

5 Tissue-plasminogen activator {4 6 nmoles in 3.0 ml 0-1 M 

sodium 4-guanidinobutyrate pH 7.4 was treated with the 

acylating agent of Example 3 (30 pi of 50 mM in DMSO) at 

4^C for 15h and then at 2 5*^C for 5h, After this time, 

4.6% of the initial amidolytic activity remained. 2.5 ml 

10 of this solution was gel filtered into 3.5 ml of TGS 

buffer containing 0.01% w/v Tween 80. Dilution of an 

aliquot of this solution 1:20 v/v into TGS/Tween 80 and 

deacylation at 37*^C indicated that the first order 

-4 -1 

deacylation rate constant was about 6.6 x 10 sec 
15 The remaining solution was used immediately. 

(b) Coupling to thiolated human serum albumin 

Human serum albumin (Sigma, 200 mg) was dissolved in PBS 
(1.0 ml) and incubated for 1h at 25*^C with 60 yl of 50 mM 
fresh aqueous 2-iminothiolane . The product was gel 
20 filtered into PBS (3.5 ml) and the filtrate immediately 



SDS-PAGE/I ibrin overlay zymography of the 
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product demonstrated the presence of high molecular 

-weight fibrinolytic cc.T.ponents v;hich were susceptible to 
hydrolysis. 



EXA.MPLE 8 
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A conjugate of urokinase linked to the active centre of 
human plasmin (linker example 1 ) 

(a) Preparation of thiolated urokinase . . . 

High molecular weight urokinase (Serono 500,000 lU, 

125 6 
32.8 nmoles) v/as mixed with tracer I-UK (1.13 x 10 c.p.m,) 

in PBS buffer (1.0 ml) and treated with 2-iminothiolane 

(25 pi of a 50 TTiM solution in cold (0°C) water). The mixture 

was incubated at 25*^0 for 75 min and gel filtered (Sephadex 

G-25) into MAE buffer diluted 1:1 v/v with water (3.5 ml). 

This snlution was f reeze-dried . 

(b) 4- (3-{2-pyridyldithio}propionvl)hydra2ino benzoyl 
( Ser-740) human plasmin 

Lys-plasminogen (100 mg) was dissolved in TGS buffer (1.0 ml) 
and activated with urokinase (5000 lU) at O^C for 2h. The 
resulting plasmin had an activity of 3.7 x 10 SU/ml and was 
treated with the acylating agent of Example 1 (50 yl of a 
2 0 m-M solution in DMSO) for 1h at 0°C. After this time, the 
amidolytic activity was reduced to 0.6% of the initial level 
and the mixture was gel filtered into MAE buffer (3.4 ml) 
. T r q ^ n -> ™1 1 i aiT^-h ^ . Onp aliquot was 

343 nM attributable to release of pyr idine-2- th ione indicated 
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that each aliquot contained approximately 27 nmoles of acyl- 

enzyme. The first order deacylation rate constant of the 

-4 -1 

product was about 1.96 x 10 sec 
(c) Coupling of the components 

The above urokinase was mixed with 5 aliquots of acyl-enzyme 
in PBS buffer (1.0 ml) and held at O^C for 2h. Approximately 
61 nmoles of pyridine 2-thione were released as measured 
spectrophotometrically . The product was purilied by 
preparative high performance gel permeation chromatography 
as described in Example 5 , The conjugate eluted at around 
60-68 ml and this pool was gel filtered into MAE buffer 
(diluted 1:1 v/v with water and containing 1 mg/ml human 
serum albumin and freeze-dried in 6 aliquots) , Unmodified 
urokinase eluted from the column at around 78 ml. The final 
yield of conjugate was 8.3% (radiochemical) or 9.6% 
(amidolytic) . Hydrolysis of the conjugate at 37*^C for 
4 5 min in TGS buffer indicated release of plasmin as measured 
by a 4-fold increase in amidolytic activity against the plasmin 
substrate S-2251 . SDS PAGE and fibrin overlay zymography 
revealed componenLs corresponding to one and two 
molecules of acyl plasmin conjugated to each UK molecule. 
The high MV? bands were sensitive to hydrolysis in TGS buffer 
at 37°C for 3h. 



E :■:/•_••; PLZ 9 
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; JO . vcoat^y of p-aminobenzoyl urokir.ai-:e linked to the active 
centre of hunan plasmin (linker example 2 ) 

Urokinase (Serono 500,000 lU, 32.8 nmoles) was mixed with 
tracer ^^^I-UK (1.70 x 10^ c.p.m.) and treated with 2- 
iminothiolane (13.3 yl of 1 0 ituM in cold water) in PBS buffer 
(0.5 ml) at 25°C for 75 min. This product was used v/ithout 
further processing. 2- (N-6- [3-{2-pyridyldithio}propionyl] 
aminohexylaminobenzoyl (Ser-74 0) human plasmin was prepared 
by reacting plasmin (prepared as in Example 8(b), 0.9 ml) 
with the acylating agent of Example 2(b) (80 yl of 20 nM 
in DMSO) for 2h at 25°C. The amidolytic activity of the plasmin 
decreased to 8.8% of the initial activity under these 
conditions- The product was gel filtered into MAE buffer, 
diluted 1:5 v/v in water (3.2 ml) and freeze-dried in 4 
aliquots. Reduction of one of these aliquots with diiihio- 
threitol indicated an acyl-enzyme content of about 140 nmoles. 
The above thiolated urokinase was mixed with 4-aminoben20ic 
acid 4 ' -amidinophenyl ester, KCl (20 pi of 50 mM solution in 
DMSO) and added to 1 vial of acyl-plasmin . The mixture was 
incubated at 25*^0 for 4 0 min and then chroma tographed using 
the HPLC conditions described in Example 4. Monitoring the 
radioactivity of the effluent showed that the conjugate 
eluted between 59 and 66 ml whereas unmodified urokinase 

free2e-dried in aliquotG. Deacylation of one of these 
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aliquots in TGS buffer at 37°C indicated a first order 

deacylation rate constant for removal of the p-aminobenzoyl 

-4 

group at the urokinase active site of about 2.7 x 10 
sec"^ . The acyl group linking the urokinase to the plasmin 
was much more stable (k < 2 x lo"^ sec-""). SDS-PAGE and 
fibrin overlay zymography showed a pattern siir.ilar to that 
noted for Example 8. 

The compound was injected into 4 rats (at 8,000 SU/kg i.v.) 
and the clearance of fibrinolytic activity from the 
bloodstream measured using the technique described in 
Method (c) and compared with the clearance of unmodified 
urokinase (at 40,000 SU/kg) . Figure 4 shows the results 
obtained using euglobulin precipitation. An extended 
plasma half-life of 33 - 47 min compared with 
unmodified UK was observed. The clearance of 
this agent was also studied in guinea pigs (Method (e) at 
a dose of 5,000 SU/kg i.v. Fig. 5 compares the clearance 
of unmodified UK and the conjugate and shows that a half- 
life Of 4 0-50 min applies to at least 50% of the injected 
conjugate dose in marked contrast to the more rapid 
clearance of UK itself. 
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A conjugate of urokinase linked to the active site of 
huraan plasmin (linker example 3 ) 

(a) 4-{N"2- (3- [2-pyr idyldithio] propionyl) aminoethylamino } 
benzoyl human plasmin (method 1) 



Human plasmin solution was prepared by the method of 
Example 8(b) and had an amidolytic activity of 3.05 x 10 
SU/ml. 1.5 ml of this solution was mixed with the 
acylating agent of Example 3 (f) (75 ul of a 50 mM solution in 
DMSO) • The mixture was incubated at 4^C for 16h, at 25°C 
for 2h and, after a further 75 yl of acylating agent had 
been added, at 37^C for 30 min. The amidolytic activity 
was then reduced to 1.16% of the initial level. The 
product was filtered through a 0.22 y filter and purified 
by HFLC using the conditions described for Example 5. The 
acyl plasmin eluted between 62 and 68 ml and was well 
separated from excess acylating agent. The acyl-plasrain 
pool was gel filtered into MAE buffer (9.6 ml) and freezer- 
dried in 6 aliquots. Reduction of one such aliquot with 
dithiothreitol indicated an acyl-enzyme content of 5.62 
nmoles/aliquot. Deacylation of the acyl-enzyme in TGS/ 
Tween 80 buffer at 37*^C gave a first order deacylation rate 
-^^r-t-nn-i- nf p^bont 6.4 x 10 ^ sec ^~ 
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High molecular weight urokinase (Serono, 500,000 lU , 
32.8 nmoles) was mixed with tracer ^^^I-UK (1.33 x 10 
c.p.m.) in PBS buffer containing 0.01% w/v Tween 80 (1.0 
ml) and mixed with 2-iminothiolane (50 yl of 50 mM fresh 
in cold water) , followed by incubation at 25°C for 1h. 
The product. was gel filtered into PBS/Tween 80 (3-5 ml) 
and immediately added to 5 vials of the above acyl-plasmin 
(28.1 nmoles) and 0.2 ml of a 44 solution of bovine 
lung trypsin inhibitor (aprotinin) . The mixture was placed 
in a Centricon© centrifugal ultrafiltration vial and 
centrifuged at 4°C for 2h at 5000 g. This process reduced 
the volume to 1.1 ml. The product was purified by HPLC 
using the conditions described for Example 4. Three peaks 
of radioactivity were observed: the first at about Sfiml 
corresponded to a conjugate of MW -- 200 kilodaltons, the 
second at about 64 ml to material of 100-140 kilodaltons 
and the third at- 80-82 ml to unmodified urokinase. The first 
two peaks (pools: 52-58 ml, 60-68 ml) were gel filtered 
into MAE buffer and f reeze-dried . The radiocheniical yield 
Of the h.gh MW fraction (corresponding to urokinase coupled to 
plasmin molecules) was 6.3% and that of the second fraction 
(a 1:1 conjugate) was 9.8%. The recovery of amidolytic 
activity in the two fractions was 3.9 and 11% respectively. 
SDS-PAGE/ fibrin overlay zymography . confirmed the 
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A conjugate of human tissue-plasminogen activator linked 
to the active centre of human plasmin (linker example 1 ) 

Tissue-plasminogen activator (18,000 SU) mixed with tracer _ 
T25^ t-PA (2 X 10^ cp.m.) in PBS buffer containing 0,01% 
w/v Tween 80 (2.5 ml) was treated with 2-iminothiolane 
(25 yl of 50 mM in cold PBS/Tween) and the mixture incubated 
at 25^C for 30 min. The product was gel filtered into 
PBS/Tween buffer (3.0 ml) and mixed with one aliquot of the 
acyl-plasmin of Example 8(b) and aprotinin solution 

(20 yl of 44 yM) . The mixture was incubated on ice for 
Th. SDS-PAGE/f ibrin overlay zymography of this material 

revealed a high MW conjugate band which was 
sensitive to hydrolysis. 
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Active centre linked conjugate of tissue-plasminogen 
activator with human plasminogen (linker example 1 ) 

Human lys-piasmino^en (1.2 ml of a 9.4 mq/ml solution in PRS 
buffer containing 33% v/v glycerol) was mixed with 2- 
iminothiolane (24 yl of a fresh 50 mM solution in water) 
and incubated at 37°C for 4 min. The acylating agent of 
Example 1(b) (150 yl Of a 1 0 mM solution DMSO) was added 
and the mixture held on ice for 1h. The product was gel 
filtered (Sephadex ™ G-25) into PBS buffer containing 
1.0 mM 6-aininohexanoic acid (3.2 ml). Part of the 

resulting thiolated plasminogen solution (1.0 ml) was 

125 6 
mixed with t-PA (20,000) and tracer I-t-PA (1x10 

c.p.m.) and incubated at O^C, After 2hh, the amidolytic 

activity of the t-PA was decreased to 7.7% of the initial 

level. Part of the product was subjected to HPLC 

separation on a modified silica gel column (TSK G-3 000, 

600 X 7.5 mM) in Buffer H (see Example 5) at 0.5 ml/min 

and 22*^C. A high molecular weight peak of radioactivity 

eluted at about 1 7 ml and unmodified t-PA eluted at about 

20 ml. SDS-PAGE/ fibrin zymography also revealed the 

presence of a hydrolysis- sensitive high MW fibrinolytic 

component, ( 



EXAMPLE ^ 3 



- 45 - 



0155388 



A conjugate of human tissue-plasminogen activator linked 
to the active centre of human plasmin (linker example 3 ) 

Tissue-plasminogen activator (78 nmoles iji 3.4 ml 0.1 M 
5 sodium 4-guanidinobutyrate , 0.3 M sodium chloride, 20 mM 

sodium phosphate, 0.01% w/v Tween 80 pH 7.4) was treated 
with 50 yl of 50 mM 2-iminothiolane (fresh in cold water) 
at 25*^C for 70 min. "1.7 ml of this solution was gel 
filtered into 3.4 ml of the above buffer on Sephadex^- — ^ 
10 G-25. Titration of the thiol groups in the t-PA with 

Ellmann's reagent indicated an average of about 0.6-0.7 moles 
of thiol/mole of protein. The thiolated t-PA was mixed 
wii:h aprotinin (132 nmoles), the above buffer (0.4 ml) and 
the acyl-plasmin of Example 8(b) (53 nmoles). The mixture 



(tm J 

15 was concentrated in Centricon ^ — y vials to a final 

volume of 1.0 ml (5000 g/4°C for 2h) . The product contained 
about 23 nmoles of t-PA as measured by amidolytic assay - 
Analysis of the product by SDS-PAGE/f ibr in overlay 
zyraography showed that a f ibr inolytically active component 

20 with an apparent molecular weight of about 150 kilodaltons was 

present together with unmodified t-PA. Reduction of this 
material with dithiothreitol (c. 20 mM at O^C for 30 min) 
removed most of the high molecular weight component, thus 
^onfirmina that the components of the conjugate were linked 
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A conjugate of urokinase linked to the active centre of 
human plasmin (linker example 2, no acylation of the 
active centre of urokinase ) 

High MW urokinase (Serono, 500,000 lU, 32.8 nmoles) was 
dissolved in PBS buffer containing 0.01% w/v Tween 80 
(1.0 ml) and treated with 25 yl of 50 mM 2-iminothiolane 
at 25-C tor In. The pLOduct was gel filtered into MAE 
buffKr and freeze-dried. Ellmann's titration showed that 
the average thiol content of the modified UK was 0.8* moles/ 
mole. The product (54 nmoles) was mixed with N-2-[N-6- 
{3-(2-pyridyldithio)propionyl}aminohexyl]aminobenzoyl 
(SEk 74-0) human plasmin prepared as in Example 9 (330 nmoles) 
in PBS/Tween buffer (1.0 ml) and held at 0°C for 4h. The 
product was partially purified by HPLC on a modified 
silica gel column (TSK G-4 000 SW, 7.5 x 600 mM) in buffer 
H at a flow rate of 1.0 ml/min at 25°C. The product 
eluting between 20 and 24 ml was gel filtered into MAE 
buffer containing 1 mg/ml human serum albumin and freeze- 
dried. 151 g of white solid resulted and part of this 
(81 mg) was repurified on a column (16 x 200 mm) of 
Sephacryl ^^3^ S-300 in 4 mM ammonium bicarbonate, 0.1% w/v 
D-mannitol at a flow rate of 10 ml/h at 4°C. Two fractions 
were collected and freeze-dried. The first corresponded 



SDS-PAGE/f ibrin overlay -kymography showed that tne mgr. MV, 



fraction contained a f ibr inolytically active component at 
around 220 kilodaltons (UK linked to 2 plasmin molecules) 
as well as the conjugate of UK with one plasmin 
(134 kilodaltons) and free UK. Like the conjugate of 
Example 9$ the product was not easily hydr'olysed. 
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Claims 



1) A derivative of a fibrinolytic enzyme in sAich the 
catalvtic site on the enzyme which is responsible for 
fibrinolytic activity is blocked by a human protein 
attached thereto by way of a reversible linking group. 

2) A derivative according to claim 1 in which the 
catalytic site on the erizyme is blocked by ^ grr>up of 
formula ( I) : 

P-B-A-X (I) 

in which 

P is a human protein modified by treatment with an 
amino acid side chain specific reagent to include a 
protein attachment group; 

X is an acyl group of formula 



0 




wherein R is an aliphatic or aromatic residue, 
A is a bridging group comprising at least one 
heteroatom selected from oxygen sulphur and nitrogen, 
in which the nitrogen is optionally substituted by Ci_e 
alkyl, 

and B is a hydrophilic linking group, linked to the 
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3) A derivative according to claim 2 wherein group B 
is a 

-S-(CH2)2 CON-, -S-(CH2)2CONH(CH2)6- 

or -S-(CH2)2 CONH{CH2)2- 

4) A derivative according to any one of the 
preceding claims wherein the fibrinolytic enzyme is 
tissue type plasiainogen activator, urolcinase or 
plasmin. 

5) A derivative according to any one of the 
preceding claims v^erein the human protein is human 
serum albiimln, immunoglobulin, humaji fibrinogen, human 
plasminogen or a fibrinolytic enzyme or proenzyme 
thereof. 

6) A derivative according to claim 1 which is 

human serum albumin ^ human tissue plasminogen 

activator 

human serum albumin ^ urokinase 

urokinase or acylated urokinase ^ human plasmin 

human tissue plasminogen activator ^ human plasmin 

human immunoglobulin G — ^ human tissue plasminogen 

activator 



_^ . 

centre of the enzyme. 
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7) A process for preparing a derivative according to 
any one of tlie preceding claims which process comprises 
reacting together a human protein optionally modified 
to include a protein attachment group, a fibrinolytic 
enzyme and a linking agent having a moiety capable of 
reacting with the cataliMiiG sits of the enzyme and a 
moiety capable of reacting with a protein amino group 
or protein attachment group to form a reversible 
linking group. 

8) A pharmaceutical composition comprising a 
derivative of a fibrinolytic enzyme according to claim 
1 in combination with a pharmaceutically acceptable 
carrier. 

9) A derivative of fibrinolytic enzyme as defined in 
claim 1 for use in the treatment of thrombotic 
diseases • 

10) A compound of formula II: 




(II) 



in which B, A and X are as defined in claim 2, and W 
represents a group capable of reacting directly with 
the amino acid side chain of a protein or protein 
attachment group, Z is a counter anion and to R4 are 
pach independently hydrogen or an electron withdrawing 
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4 Urokinase (40.000 SU/kg.n=8) 
• Example 9 {5000 SU/kg , n»3) 




Minutes post-dose 
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Urokinase (40.000 SU/kg ) 
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